Approved for public release; distribution unlimited SUMMARY PAGE THE PROBLEM Maximum permissible concentration of gaseous contaminants aboard submarines should be periodically reviewed in order to compare present ambient levels with recent scientific data collected relating a particular contaminant to health and performance. Carbon monoxide (CO) has received a great deal of attention in the civilian literature because non-smokers inhale this contaminant passively if they are in a closed or semi-closed environment. Although CO is removed by the ship's catalytic burners, a low level concentration still remains and thus submariners are chronically exposed to this contaminant. A survey of CO levels aboard 8 SSBN submarines during patrol was conducted and these values are presented in the report along with a discussion of the possible effects on health and performance.
were calculated. The patrol average for 8 ships (9 patrols) was 7 parts per million (ppm) and the range was 4-10 ppm. Data from an additional ship (Simon Bolivar) was collected during the winter of 1977 and reported separately (3). The average patrol CO for this ship was 7ppm.
Deviations from the daily patrol mean were slight; the mean of the average daily maximum values for the 9 patrols was 9 ppm.
The mean of the maximum values recorded for each patrol was 13 ppm.
Carboxyhemoglobin (COHb)
Exposure to elevated levels of CO will effect a rise in the carboxyhemoglobin concentration of blood. When CO can be precisely controlled at a given static level, such as in a laboratory setting, Coburn, et al (5) have formulated an equation to predict COHb concentrations in the blood for an ambient CO level. The relationship which has been verified by others, is COHb {%) -ot(CO) + $ where a is the exogenous level of CO, CO is given in ppm, and g is the endogenous level of CO. The coefficient ct has been determined by a number of workers and is generally accepted by reviewers (6, 10, 13) and government regulatory agencies (7) (11) , and Smith (12) in developing a dynamic model that will estimate the COHb concentration while CO is fluctuating.
Their model uses the following equations: y = 0.0496 x n + .669 y n _! y n = ?n + 0-5
where y n is the sum of both exogenous and endogenous COHb at any hour (n) and x n is the given hourly value of ambient CO. y is set at zero for initial conditions. This model assumes the following:
1) initial COHb value of 0.5 from endogenous production, 2) the coefficients are constant and the system being modeled is linear, The mean estimated COHb (dynamic model) for the 9 patrols was 1.53% ( Table 2 ). The mean of the average daily maximum COHb% concentration for the 9 patrols was 1.7%, and the mean estimated , maximum value was 2.23%. In this and unchanged by a combination of low O2 and increased CO. The latter observation indicates that CO was actually helpful in eliciting a compensatory mechanism to combat the low inspired 02.
INTERPRETATION OF RISK OF PRESENT CO AND ESTIMATED COHb LEVELS TO HEALTH AND PERFORMANCE
An evaluation of the pertinent literature indicates that CO concentrations at or below 9 ppm and COHb levels at or below 2.5%
will produce no discernible impairment to health, will not cause any acute or long-term health risk, and will not affect mental performance to such an extent that the efficiency of carrying out operational duties will be compromised. (Table 3) reveals that for all 9 patrols the CO exceeded 9 ppm only 16% of total patrol time and that the estimated COHb exceeded 2% only 10% of the total patrol time. Based on controlled laboratory studies, long-term exposure to low level CO during submarine patrols would seem to have no adverse effects on the crew.
SUBMARINE EXPOSURE VS OCCUPATIONAL AND PUBLIC EXPOSURES
An analysis of occupational exposures (3) and exposures of the public in and around large U.S. cities (7) indicates that submariners, as an occupational group, suffer the least exposure and are, in fact, subjected to lower levels of CO aboard a nuclear submarine than most city dwellers. Table 4 adapted from the works of Davies (6) and Stewart (13) , clearly indicates that present on-board patrol CO levels are well within the standard set for most populations.
SUMMARY AND CONCLUSIONS
From the foregoing it is obvious that CO levels aboard nuclear The forecast of good health and performance for any given submarine CO expousre is good, but long-term extrapolation of this conclusion should be cautiously applied. 
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Current carbon monoxide (CO) levels aboard nuclear powered submarines during patrol were examined by surveying 8 Atlantic fleet submarines (9 patrols). From hourly CO values obtained from the atmosphere control log, the following values were computed: patrol average * 7 parts per million(ppm); range = 4-10 ppm; average daily maximum value = 9 ppm; mean of maximum recorded values = 13 ppm. The hourly CO values were also entered into an equation developed to estimate percent carboxyhemoglobin (COHb) in the blood of nonsmokers. The mean estimated COHb for the 9 patrols was 1.53%, with fluctuations DD,: averaging ±.25% and peaking during early morning hours. The mean daily maximum value was 1.71%, and the mean maximum value recorded was 2.23%. An analysis of the pertinent animal and human literature indicates that present CO levels and the estimated levels of COHb in the blood of non-smokers are below those concentrations which have definitely been shown to have deleterious effects on both mental performance and physical health. Conclusions drawn from these observations must be tempered with the following facts: Little is known about the additive, synergistic, or antagonistic effects of CO with agents such as other gaseous contaminants and common drugs. This survey was limited to 8 ships. Possible effects of low CO levels on smokers was not considered, nor were the possible long-term effects of repeated chronic, exposures.
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